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术体系的完善，力图自主建立能稳定重复 HBV 感染的体内外模型。 





清样品、血清来源纯化以及细胞来源的 HBV 病毒感染分化后 HepaRG 的效果，
结果表明HBV稳定整合细胞系HepaAD38来源的HBV感染后HBeAg水平 高，
且病毒来源稳定可靠；（2）在检测体系方面，我们发展了可用于免疫荧光、Western 
Blot 检测的高活性 Anti-HDAg 单克隆抗体，建立了可精确定量细胞内 HDAg 水
平的化学发光免疫检测方法；（3）在细胞改造方面，构建了稳定表达 HBV/HDV
功能性受体 -钠离子 /牛磺胆酸共转运蛋白（hNTCP）的 HepaRG 细胞系
（HepaRG-NTCP），这一细胞无需要经过复杂的 4 周分化培养即能支持 HBV 感
染，大大提高了实验效率。利用上述模型，我们定量地评估了 11 株针对 HBV
外膜蛋白不同区段和表位的小鼠单克隆抗体的体外中和活性，结果表明除针对
















抗体、识别 SHBsAg 膜外亲水区“1st loop”和“2nd loop”的线性抗体，以及“a”表
位构象型抗体均具有中和活性，其中针对“a”表位的构象型抗体 2C1 中和活性相
对 强，在极低的浓度（<20 ng/mL）下即可有效阻断病毒感染，可能进一步发











因子 mRNA 水平在分化后显著升高，可能是 HepaRG 细胞需要经过分化才能支
持 HBV 感染的主要原因。RNA-seq 分析显示，HDV 感染后致 HepaRG 细胞 164
（1.00%）个基因表达上调，142（0.87%）个基因表达下调。上调的基因主要与
免疫应答有关，包括 GBP1、GBP2、MX1、MX2 等 20 个 Interferon 应答基因、
CXCL10、CXCL12、CXCL13、IL8 等 6 个趋化因子基因、PIGR、TLR2、IRAK2、
IL1R1 等 4 个免疫应答受体基因、TNF 信号通路相关的 TNFAIP2、TNFAIP3、
TNFSF14、等 6 个基因、与抗原递呈有关的 HLA-DRA、HLA-F、HLA-B 等 3
个基因的 mRNA 显著升高了 2-42 倍；表达下调的基因主要与代谢功能有关，包
括 P450 酶系（CYP4A11、CYP7A1 等）、Ⅱ相代谢酶（UGT2B15、UGT2A3 等）





















异性，适用于人肝嵌合模型中 hAlb 的 IHC 检测。以此为基础建立了 hAlb 化学
发光检测方法（hAlb-CLIA），定量范围在 122 pg/mL-31250 pg/mL，能精确定量
检测嵌合小鼠血清中的 hAlb 水平，为判断人肝细胞在小鼠中的重建情况提供了




TFRGS 小鼠肝脏细胞特异性中表达 tTA（tet-controlled transcriptional activator）
蛋白，可支持 TRE 启动子驱动的 UPA（urokinase-type plasminogen activator）等
外源毒性基因通过重组腺病毒感染方式在该小鼠肝脏中特异性表达，而不在无
tTA表达的供体细胞中表达，使得TFRGS小鼠具备双重可控性肝损伤实现方式，
可能成为新的人肝嵌合模型受体小鼠。基于 FRGS 小鼠，本研究比较了 ADV-UPA
预处理移植重建程序和 NTBC 提前撤药移植重建程序，两种方法均能实现人原
代肝细胞在 FRGS 小鼠体内的嵌合重建，初次移植重建后部分小鼠血清 hAlb 水
































Hepatitis B virus (HBV), which can cause acute and chronic hepatitis, liver 
cirrhosis and hepatocellular carcinoma, is a is one of the most important pathogen 
threatening human health globally. Although the development and application of HB 
vaccine effectively reduced the new HBV infection, there were still more than 
hundreds of million people who chronically infected by HBV require more effective 
therapy. Current approved anti-HBV drugs, either interferon or nucleos(t)ide 
analogues, can only halt or prevent disease progress, but not cure eradicate the virus. 
Thus, more effective anti-HBV drugs are certainly needed. Moreover, the 
mechanisms of how chronic HBV infection causing liver cirrhosis and hepatocellular 
carcinoma are still not very clear, and the understandings on the early step of HBV 
infection are very limited so far. Further solving of these problems are dependent on 
the cell and animal models which can reproduce complete life cycle of HBV infection. 
The lack of suitable in vitro and convenient animal models has greatly hampered the 
progress of HBV research. In this study, systematical optimization of technical 
conditions and detection system were conducted on HepaRG cell and humanized 
mouse, aiming to establish stable and reproducible in vitro and in vivo models 
supporting HBV infection. 
For the in vitro HDV and HBV infection system on HepaRG cell, we conducted 
systematical study on three major aspects including methods to produce virus, 
detection system and cell modification: (i) We developed novel approach for the 
production of HDV by adenovirus system, which exhibited significantly higher 
efficiency than traditional plasmids co-transfection method. The HDV can be directly 
used for in vitro infection without further concentration. We also compared the 
infectivity of original HBV-positive serum samples, purified serum-derived and 
cell-derived HBV on differentiated HepaRG cells, the results demonstrated 
recombinant HBV virus obtained from HepaAD38 cell culture yielded the highest 
HBeAg level in HepaRG supernatant post infection. (ii) We developed several 
















immunofluorescence and western blot assay. We also established a quantitative 
chemiluminescence immunoassay for HDAg. (iii) We constructed a HepaRG-NTCP 
cell line stably expressing exogenous the sodium taurocholate cotransporting 
polypeptide (SLC10A1, NTCP) which is the functional cellular receptor of HDV and 
HBV. The HBV susceptibility of HepaRG-NTCP cell are independent of long-term 
culture and DMSO induction, whereas it is necessarily required for the original 
HepaRG. This cell line provides greatly improved experiment efficiency for in vitro 
HBV infection. By using the optimized HDV/HBV infection in vitro HepaRG system, 
we further investigated neutralizing activities of 11 strains of monoclonal antibodies 
(mAb) against different regions on HBV envelop proteins. The results revealed mAb 
targeting the epitopes on the internal loop of envelop proteins could block virus 
infection, whereas mAbs recognize the linear epitopes on preS1, preS2, “first-loop” 
and “second-loop” on major hydrophilic region (MHR) and mAb against 
“a-determinant” conformational epitope showed significant neutralization activities 
both for HBV and HDV. Among these mAbs, the 2C1 presented the strongest 
neutralization activity, which could effectively prevent virus infection even at a very 
titer below than 20 ng/mL, and provided a possible candidate for further development 
of humanized preventative monoclonal antibody.   
By using new generation sequencing technology, we analyzed the gene 
expression difference of HepaRG cells at different stage during differentiation and 
post HDV infection. Most significant expression change were observed in genes 
involved in common pathways of metabolic process, cell proliferation and cell cycle. 
The mRNA level of representative genes of cytochrome P450 capabilities, phase II 
metabolizing enzymes, transporter proteins, markers for mature hepatocyte, 
liver-specific transcription factors and nuclear hormone receptor successively 
increased with the differentiation process and DMSO induction, whereas the mRNA 
levels of genes of markers of progenitor cell or biliary cell and of genes related to cell 
proliferation and cell cycle significantly decreased. These gene expression changes 
overall correlated with the phenotype change during HepaRG cell differentiating from 
















More importantly, the mRNA levels of SLC10A1 requiring for HBV/HDV entry, and 
of the HNF4α, HNF1α requiring for HBV replication, were significantly induced 
through the  differentiation process. This appearance should be an important reason 
to explain the association between cell differentiation and HBV susceptibility in 
HepaRG cell. Our RNA-seq data also revealed that the mRNA level of 164 (1.00%) 
genes were up-regulated whereas 142 gene were (0.87%) down-regulated when 
differentiated HepaRG cell infected by HDV. The up-regulated genes were mainly 
associated with pathways of immune response, including 20 interferon responsive 
genes (such as GBP1, GBP2, MX1, MX2, etc.), 6 chemokine genes (such as CXCL10, 
CXCL12, CXCL13, IL8, etc.), 4 immune receptor genes (such as PIGR, TLR2, 
IRAK2, IL1R1, etc.), 6 TNF-signaling genes (such as TNFAIP2, TNFAIP3, 
TNFSF14, etc.) and 3 antigen-presenting genes (HLA-DRA, HLA-F and HLA-B), 
and significantly increased to 2.0-42 folds post HDV infection. The down-regulated 
genes were mainly associated with metabolic process, including a total of 21 genes 
related to cytochrome P450 capabilities (such as  CYP4A11, CYP7A1, etc.), phase II 
metabolizing enzymes (such as UGT2B15, UGT2A3) and transporter proteins (such 
as SLC10A1, SLC14A1, etc), and reduced the 10.4%-45.4% of that of non-infected 
cell. There data clearly demonstrated HDV infection could elicit innate immune 
response to inhibit virus replication, and simultaneously damage the drug metabolism 
function in HepaRG cell.  
For the human liver-chimeric mouse model supporting HBV infection, we 
developed several strains of mAbs recognize the human albumin (hAlb). Two mAbs 
of 5D2 and 4F5 have the best species specificity and were suitable for 
immunohistochemistry analysis to detect the human hepatocyte repopulation in 
chimeric mouse. We further established a quantitative chemiluminescence 
immunoassay for serum hAlb which is one of the most important surrogate markers 
for liver repopulation. The new assay had a quantitative detection range of 122 
pg/mL-31250 pg/mL and provided a convenient tool to estimate liver repopulation 
rate. We developed muti-gene-deficient Fah-/-Rag2-/-IL2rg-/-/SCID (FRGS) mouse and 
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